The apex cardiogram and its relation to intracardiac events has been well studied (Benchimol and Dimond, 1963; Tafur, Cohen, and Levine, 1964; Tavel et al., 1965; Coulshed and Epstein, 1963) . This simple clinical procedure can be used to determine the length of isovolumic contraction, and this may relate to the state of myocardial contractility (Sambhi, 1960; Reeves et al., 1960; Siegel and Sonnenblick, 1963; Wallace et al., 1963) , or to changes in conduction within the ventricle.
This study was undertaken to determine if the apex cardiogram in the presence of left bundlebranch block would serve to differentiate patients with myocardial infarction from patients without myocardial infarction. The presence or absence of myocardial infarction was determined by vectorcardiogram, using previously described criteria (Neuman et al., 1965; Doucet, Walsh, and Massie, 1966) .
SUBJECTS AND METHODS
Studies were made of 40 patients. History, physical examination, and a standard 12-lead electrocardiogram were obtained. A vectorcardiogram was recorded on all patients, using the Frank corrected lead system. Heart sounds were recorded from the second and third left intercostal spaces along the left stemal border with two crystal microphones. The carotid arterial pulse was simultaneously recorded with an AC excited differential transformer transducer. The apex cardiogram was recorded according to the method of Benchimol and Dimond (1963) . Heart sounds were recorded simultaneously from the fourth left intercostal space and apex. The apex cardiogram was obtained in the supine position if a good apical impulse was felt, or in the lateral decubitus if this position improved the quality of the tracings. All tracings were recorded on photographic paper at a speed of 75 mm. per second, using a HewlettPackard model No. 564 four-channel recorder. Nine patients had cardiac catheterization, and aortic and left ventricular pulse, electrocardiogram, phonocardiogram, and apex cardiogram were recorded simultaneously. Coronary cine-angiograms were also carried out on these 9 patients.
The following measurements were made on the apex cardiogram and left ventricular pulse, as illustrated in Fig. 1 (Keith, Wagener, and Barker, 1939) . Thirty-seven patients had various degrees of left ventricular hypertrophy, and only 3 patients had normal-sized hearts on physical examination (Santos et al., 1966) (Table I ).
Seven patients in Group II had had severe chest pain, but all had been convalescing for several weeks. Two of these patients had experienced syncope. All 7 had had raised enzyme levels suggestive of myocardial infarction (LaDue, Wroblewski, and Karmen, 1954; Stewart and Warburton, 1961) . The serum aspartate aminotransferase in these patients had ranged from 55 to 145 units, with an average of 89 units, and serum lactic dehydrogenase had ranged from 810 to 1575 units, with an average of 1258 units.
All 40 patients had paradoxical splitting of the second heart sound and diminished first heart sounds.
RESULTS
The most consistent differences in the apex cardiogram between the two groups were the durations of the isovolumic contraction period and the ventricular ejection period. The (Table III) . Heart rate was not significantly different between the two groups. When isovolumic contraction and ventricular ejections were corrected for the heart rate (IC or VEt VR-R), the mean isovolumic contraction was 0-14 sec. in Group I and 0 09 sec. in Group II. The ventricular ejection was found to be 0O239 sec. in Group I and 0-284 sec. in Group II (Table IV) .
Of the 9 patients who were catheterized, 3 belonged to Group I and 6 to Group II. In these patients the corrected isovolumic contraction was found to be 0139 sec. in Group I and 009 sec. in Group II, while the ventricular ejection was 0236 sec. in Group I and 0-31 sec. in Group II, as measured from the ventricular pulse. As with the apex cardiogram, no significant differences were noted in ventricular systole and ventricular ejection between the two groups. Coronary cine-angiograms confirmed the presence of coronary artery disease in the 6 patients in Group II, and no evidence of coronary artery disease was found in the 3 patients in Group I (Table V) .
All patients in Group I and 18 patients in Group II had sinus rhythm. Seven patients in Group II had atrial fibrillation. No other arrhythmias were found except for occasional premature atrial and ventricular contractions.
In Group II left ventricular free wall infarction was diagnosed by the vectorcardiograms in 9 patients, septal infarction in 6, apical infarction in 4, combined apical and free wall infarction in 4, and posterior infarction in 2 (Table III) . DISCUSSION Lewis in 1934 reported 14 patients with bundlebranch block and noted that the apex impulse was normal in 8 patients. The following year, Wolferth and Margolies (1935) reported 5 patients with left bundle-branch block and described a delay in left ventricular ejection and aortic closure. Coblentz et al. (1949) noted that the onset of the left ventricular pressure pulse was not delayed in left bundlebranch block and that the first heart sound was not split. Leatham (1954) observed, in addition, that the rise in pressure during the isovolumic contraction period was prolonged. Gray (1956) reported 18 patients with left bundle-branch block, and described paradoxical splitting of the second heart sound ranging between 002 to 006 sec. Braunwald and Morrow (1957) , in haemodynamic studies, confirmed the previous reports (Lewis, 1934; Coblentz et al., 1949) that the onset of ventricular ejection was delayed due to a conduction block in some of the branches of the left main bundle or within the ventricular myocardium. The anatomy of the main bundle (Kistin, 1949) is such that many instances of left bundle-branch block as identified by electrocardiographic criteria are due to arborization block (Haber and Leatham, 1965) .
Though necropsy studies are lacking in our series, the majority of our patients in Group II have had typical angina for varying lengths of time. Seven of these patients had severe angina before admission, and the enzyme levels were raised, suggesting recent myocardial infarction. Furthermore, the vectorcardiographic criteria for myocardial infarction were 695 (Neuman et al., 1965; Doucet et al., 1966) . In addition, the presence of coronary artery disease was confirmed by coronary cine-angiography in all six patients belonging to Group II who had cardiac catheterization.
Our findings in Group I (patients without infarction) are in accord with observations made by others (Wolferth and Margolies, 1935; Leatham, 1954; Haber and Leatham, 1965; Bourassa, Boiteau, and Allenstein, 1962 All values are in seconds except the heart rate. Isovolumic contraction and ventricular ejection were corrected (IC/R-R and VE/R-R) for heart rate. Ventricular systole, isovolumic relaxation, and heart rate were not significantly different. All the values are in seconds. Results of the coronary cine-angiogram on the 9 patients are on the right.
group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from wald and Morrow, 1957; Haber and Leatham, 1965 (Scott, 1965; Bauer, 1964; Johnson et al., 1951) . Haemodynamic studies in intermittent left bundle-branch block have shown that there is a significant fall in left ventricular work as measured by pressure and stroke index only during the period of abnormal conduction (Bourassa et al., 1962) .
Group II (patients with infarction) had a significantly shorter isovolumic contraction and longer ventricular ejection than Group I, as measured from the apex cardiogram and ventricular pressure pulse.
The relatively normal isovolumic contraction in patients with left bundle-branch block and myocardial infarction suggests that the conduction abnormality in these patients may be more peripherally located, or that compensatory mechanisms in the remaining myocardium may have enhanced the contractility of these areas. The prolonged ejection period would be consistent with dyssynergia in contraction of the ventricle. There is no evidence that the degree of hypertension differed in the two groups. An alternative explanation would be that these patients have a higher left ventricular enddiastolic pressure, but this is not borne out in the patients who were catheterized.
The separation of the two groups suggests that the apex cardiogram may be a simple and practical method of recognizing myocardial infarction in patients with left bundle-branch block.
SUMMARY
Forty patients, 14 women and 26 men, whose ages ranged from 33 to 88 years, were studied. The history and the vectorcardiogram using the Frank corrected lead system were used to separate the patients into two groups (Neuman et al., 1965; Doucet et al., 1966) : Group I patients with uncomplicated left bundle-branch block, and Group II patients with left bundle-branch block complicated with myocardial infarction. The apex cardiogramwas recordedaccordingtothemethod ofBenchimol and Dimond (1963) . Cardiac catheterization with simultaneous apex cardiogram, phonocardiogram, and electrocardiogram supplemented by coronary cine-angiogram were carried out in 9 patients: 6 in Group II and 3 in Group I.
The isovolumic contraction period was shorter, and the ventricular ejection period was significantly longer in Group II patients compared to Group I, as measured indirectly from the apex cardiogram and directly from the left ventricular pressure pulse. The ventricular systole and isovolumic relaxation period were not significantly different between the two groups.
It is concluded that a short isovolumic contraction and prolonged ejection phase in left bundle-branch block correlated with historical and vectorcardiographic evidence of previous myocardial infarction is a useful sign of myocardial infarction in the presence of this conduction abnormality.
